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nucleotide analogs for inhibiting I IBV UNA polymerase. 

This revie, addresses various aspects of gene therapy for HBV infection, including gene drugs, delivery methods, an.mal 
:;,Hl httr u^splantation L combination therapy. I, also discusses the prob.ems that remain to be solved. 



1. INTRODUCTION 

Despite the availability of efficient vaccines for 
protecting previously unexposed individuals, hepatitis B 
virus (HBV) infection remains a major cause of morbidity 
and mortality worldwide. There is significant geographic 
variation in 'infection rates, but it is estimated that 350 
million people worldwide have chronic HBV infection [Lee. 
19971 In Southeast Asia, Africa and China, more than 50% 
of the population is infected, and 8% to 15% have become 
chronically infected. Chronic HBV infection is the cause ot 
up to 50% of cirrhosis cases and 70%-90% of hepatocellular 
carcinoma (HCC) in these regions [Lok. 1992; Fattovich. 
19981 Between 250.000 and 300,000 new HBV infections 
occur annually, and 4.000 to 5.000 persons die annually from 
cirrhosis or liver cancer in the United States. Neonatal HBV 
infection nearly always results in chronic HBV infection. 
Pre-existing immunosuppression also increases the risk ot 
chronic infection. Because the prevalence of infection is 
largely determined bv a feedback mechanism, and the 
earners are the most influential, predictive quantity, 
reduction in carrier prevalence via therapeutic treatment can 
be a means of controlling the incidence of HBV quickly 
relative to the effect of immunization and behavior 
modification | Medley et al . 2001]. 

Chronic hepatitis B is the result of a continuing attack on 
infected cells bv the host immune system, which is not 
vigorous enough to eradicate all the infected hepatocytes 
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[Chisari 1995]. Therefore, two main non-exclusive 
strategies can be envisaged to eradicate viral infection: 
inhibition of viral replication and/or nonspecific inhibition of 
viral replication combined with enhancement of immune 
response [Zoulim, 1999]. Currently, the only therapy for 
chronic hepatitis B with a lasting beneficial effect is the 
systemic treatment with interferon (IFN-a having dual 
properties, in that it inhibits viral replication and also 
stimulates cell mediation immunity to HBV by mechanisms 
that have not been fully delineated. The sustained response is 
achieved in only one third of patients [Hoofnagle and 
Bisce»lie 1997]. Any patients with chronic hepatitis B and 
markers of active viral replication, elevated ALT level and 
chronic hepat.tis on liver biopsy are potential candidates tor 
II-N-oe therapv. HBV genotype C, compared to genotype B, 
is associated with a higher frequency of core promoter 
mutation, and a lower response rate to interferon alpha 
therapy |Kao et al., 2000]. In addition to its severe side- 
effects [Hoofnagle and Bisceglie, 1997; Main et al., 1998] 
H-N-a exhibits a short half-life in blood after parenteral 
nrotein administration [llcrcmans cl al , 1980]. which limits 
its performance, as it is unable to make sufficient or 
sustained deliveries of the protein into the liver. Recently, 
nucleoside analogs have provided a therapeutic alternative, 
leading to a rapid decrease in serum HBV DNA levels and to 
a histologic improvement in the treatment of ''ver disease 
[Lai et al 1098; Urban et al., 2001] Clinical data show that 
hmivudine is an effective treatment for a wide range ot 
^s wlth chronic hepat.tis B. whose advantages include 
ower cost, peroral administration and a higher patient 
, . „ ikn rYao 20001. however, short-term 

leads' «o'a rapid relapse of the disease, and I long- 
er^ often results in the developing of drug 
oxTcity [Lee, 1 995] or the selection of resistant viral variants 
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[Zoulim and Trepo. 1998]. These outcomes emphaM/e the 
need for novel therapeutic approaches [Hoofnagle and 
Bisceglic. 1997], In fact, the more advances in our 
understanding of the mechanisms underlying virus life 
histories, the more opportunities for the rational design of 
molecules that could specifically block viral infection, 
replication and maturation. Moreover, a combination of 
therapies with different mechanisms of actions may be most 
effective and prevent the selection of resistant viral strains. 
Genetic therapy may be one such therapeutic approach, as 
many transgenes have been shown to inhibit HBV in vitro or 
in vivo. 

2. MOLECULAR DRUGS 
2.1 Antiviral Strategies 

2. /. / Anti-Sense Nucleotide 

Besides the study of cellular and viral gene functions, 
active research on antisense nucleotides is also underway, for 
their potential to interfere with viral gene expression as 
antiviral agents. The processes of replication, transcription, 
and translation of HBV can be blocked by antisense 
molecules specifically binding to target genes to inhibit viral 
actions. Previous studies have shown that a number of 
antisense oligonucleotides against HBV mRNA are able to 
inhibit viral gene expression in vitro. Many of these effective 
molecules, whether chemically synthesized or endogenously 
expressed, targeted almost all the specific functional 
sequences of viral genes. In the cell culture system, antisense 
DNA directed to HBV polyadenylation signal [Nakazono et 
al., 1996; Wu et c//., * 1992], 5'-upstream sequences 
[Nakazono et al., 1996] and X gene [Feng et al., 1997], and 
antisense RNA complimentary to preS/S [Tung and Bowen, 
1998; Ji et al., 1997; Wu and Gerber 1997], preC/C [Ji et al., 
1997; Soni et al., 1998], HBV X and HBV P [Wu et al. 
2001], are particularly effective. Without an identical model, 
it is not certain which target is resultantly more effective. 
Korba and Gerin examined the ability of 56 different single- 
stranded oiigodeoxyribonucleotides (14-23 nucleotides in 
length), which target several HBV-specific functions, to 
inhibit HBV replication in the human hepatoblastoma cell 
line 2.2.15. The oligomers directed against the HBV 
encapsidation signal/structure (epsilon) showed the most 
effective antiviral efficacy against HBV [Korba and Gerin, 
1995]. Dual-target antisense RNA, expressed by retroviral 
vector in HepG2.2.i5 cells, also exhibited higher inhibitory 
effect than its single-target counterparts [Wu et al., 2001] In 
vivo, an antisense oligodeoxynucleotide directed against the 
S'-region of the preS gene of DHBV inhibited viral 
replication and gene expression in Peking ducks 
[Offensperger et al, 1998]. Furthermore, poly-DNP-RNA 
with antisense RNA targeted against the DHBV polymerase 
gene could completely inhibit duck viremia, and thus viral 
DNA disappeared [Xin et al., 1998]. Another antisense 
oligomer, complementary to the cap site of the SP II 
promoter of HBV mRNA, also produced an effective 
inhibitory effect, after injected into athymic nude mice 
producing HBV markers [Yao et al., 1996]. Putlitz and 
Wands compared sense and antisense RN As on HBV 
replication, and found that both inhibited HBV replication, 
but only sense sequence inhibited HBsAg secretion [Putlitz 



et al . 1999]. This demonstrated that both sense and antisense 
base strategies could be successfully used to inhibit viral 
replication j'l)ing <•/ <//., 1998]. 

A new concept of antisense is covalently linked to 
Ribonuclease 11 to obtain a direct specific cleavage event. It 
has been tested in tube to cleave HBV mRNA with the 
sequence recognizing ability of oligonucleotide specific for 
the DR1 region linked with RNasc H [Walton eta/.. 2001]. 

2.1.2 Ribozyme 

Ribozymes act as RNA-cleaving RNA molecules that can 
catalyze the cleavage and inactivation of other cellular and 
viral' RNA molecufes with a specific nucleotide sequence. 
Their success in vitro is unquestioned, and the use of 
ribozymes, especially small catalytic RNAs, in antiviral gene 
therapy is also being actively pursued [Welch et al, 1998; 
Wons-Staal et al., 1998; Macpherson et al., 1999; Amado et 
al., 1999]. The hammerhead ribozyme and the hairpin 
ribozyme have been designed to inhibit HBV gene 
expression, and have been analyzed in a cell culture system. 
Presently, a chemically modified ribozyme, targeting HBV 
mRNA, is at the clinical development stage. The main 
challenge for the use of ribozyme is the search for accessible 
target sites on a substrate RNA. A combinatorial screening 
method has been used to identify catalytically active hairpin 
ribozymes that mediate intracellular antiviral effects on HBV 
[Zu et al., 1999]. Several hammerhead ribozymes also have 
been used with varying success to inactivate HBV RNA. The 
targeted sequences include poly (A) signal sequence [Feng et 
al., 2001], the tail region of the HBV core protein [Feng et 
al., 2001], and duaf sites in HBc RNA [Li et al., 2000]. 
Three hairpin ribozymes have been designed to target the 
pgRNA and specific mRNAs encoding the HBsAg, the 
polymerase and the X protein, and cotransfectcd into HuH-7 
HCC cell together with small amount of an HTD of HBV in 
transfected human hepatocellular carcinoma (HCC) cells. As 
a result, the virus particles-associated HBV levels were 
reduced up to 83% [Welch et al., 1997]. HBx RNA is the 
most plausible target for the ribozyme to block the HBV 
replication because the sequence of the smallest X 
transcription is fully included in the 3* sequence of all HBV 
transcription. Using ribozyme-encoding vectors to transfect 
liver cells, two research groups found that hammerhead 
ribozyme targeting to HBx sequence cleaved the substrate in 
a catalvtic manner [Passman et al., 2000; Kin et al., 1999], 
however, Weinberg et al suggested that an antisense 
mechanism without substrate cleavage might be the 
dominant intracellular effect [Weinberg et al.. 2000]. 

Previous unsuccessful attempts [von Weizsacker et al.. 
1992; Beck et al., 1995] at using hammerhead ribozymes for 
the intracellular inhibition of HBV revealed that activity- 
selected ribozymes are likely to be more effective than 
sequence-selected ones, with respect to intracellular 
inhibitory effects. Extra sequences endogenously 
coexpressed with ribozyme may have an effect on the 
folding of the RNAs, and thus affect ribozyme formation and 
its accessibility. A recent report showed that the insertion of 
trans-ribozyme between two cis-ribozyme sequences led to 
the removal of the extra sequences and the abolishment of 
any cis-inhibitory effect from the non-ribozyme sequence 
[Feng et al., 2001]. This argues that the level of the ribozyme 
expression is correlated with its inhibition efficiency in 
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cultured cells, which was found in a previous Mudy [Kin et 
at , 1999). And this outcome indicates that a more effective 
delivery svstetn is required in anti-HBV gene therapy. 
According "to a published work on HIV, Rev-binding RNAs 
efficiently block HIV-1 gene expression, whereas other 
antisense *RNA and ribozymes have little or no effect when 
expressed in the same cassettes. Ibis observation 
demonstrates that different promoters should be chosen when 
expression cassettes are constructed to express different 
antisense RNAs and ribozymes in order to transcribe them 
efficiently, stabilize them against rapid degradation, fold 
them correctly, and deliver them directly to appropriate part 
of a cell [GoadetaL 1997] 

The efficiency of ribozyme action in the complex 
intracellular environment is difficult to predict. Development 
of therapeutic sequences is often guided by the empirical 
assessment of intracellular functional inhibition of a target 
[Weinberg et al, 2000), and thus is not always reliable. 
Plasmids containing intact HBV sequences or a modification 
in which the preS2/S region was replaced by DNA encoding 
enhanced green fluorescent protein (EGFP) were used to test 
ribozyme action in transfected cells. The measurement of 
EGFP expression is convenient to assess ribozyme action in 
silu [Passman et al, 2000]. 
2.1.3 Triplex Forming OUgodeoxynucleotide 

Unlike an antisense oligonucleotide, a triplex forming 
oligodeoxynucleotide (TFO) acts directly on the gene by 
binding to duplex DNA in a stable, sequence-specific 
manner. This oligonucleotide-directed triplex DNA 
formation has been shown to inhibit transcription factor 
binding to purine-rich motifs, and the TFOs have been used 
in this way to block transcription of various genes in vitro 
and in intact cells [Mcduffie et al, 2000; Jendis et al, 
1998]. Gao et al. designed a TFO that can form triplex with 
SP1 sites in HBV core promoter. When transfected into 
HepG 2.2.15 cells by packing with liposome, the synthesized 
TFO can effectively inhibit replication of HBV [Gao et al, 
2001], The blocking of viral replication at transcriptional 
level with TFOs is a very promising molecular approach, 
although results in HBV infection are rare. 

2.1.4 Aptamer 

Manv aptamers are designed to block protein functions. 
Aptamer, a small nucleotide, can bind to its ligand (protein, 
ion, antibiotic, etc.) with high affinity and high specificity. 
Their binding is due to their 3-U conformation. There is re- 
sequence complementation between an aptamer and its 
ligand. Recently eight peptide aptamers were isolated from a 
randomized expression library, which specifically bound to 
the HBV core protein under intracellular conditions. One of 
them inhibited HBV replication by blocking viral capsid 
formation. This provides a new basis for the development of 
therapeutic molecules with specific antiviral potential against 
HBV infection [Butz et al, 2001]. Accumulated findings 
about interaction between cellular proteins and specific 
sequences of HBV gene may give some hints for application 
of this new approach. Since interaction between nuclear 
receptors and the nuclear receptor response elements 
(NRREs) present in the HBV genome may play critical roles 
in regulating its transcription and replication during HBV 
infection of hepatocyes [Yu et al, 2001], an aptamer can be 



Current dene Therapy. 2003. Vol. .?. No. 4 343 

designed to express in nucleus to compete for binding to the 
nuclear reporter proteins, and may result in anti-HBV 
infection. Similarly, aptamers binding to YY1, a 
transcription factor, may prevent HBV genome integrating 
into the cellular DNA, according to the report that integrated 
hepatitis B virus DNA preserves the binding sequence of 
YY1 at the virus-cell junction [Nakanishi-Natsui et al., 
2000]. For HBV pregenomic (pg) RNA to be encapsidated, 
its 5 1 end is folded into a stem-loop structure, that is the 
encapsidation signal (epsilon), which is involved in the 
activation of polymerase [Kramvis and Kew, 1998]. This 
offers the possibility of inactivating HBV polymerase protein 
by an aptamer, probably a more attractive and effective 
approach. 

2. 1.5 Nucleoside Analog 

Nucleoside analog replaces naturally occurring 
nucleosides such as adenosine, guanosine, cytidine, and 
thymidine and uridine, and causes DNA chain termination. 
Using the avian HBV model system. Urban et al. obtained 
new insights into the catalytic mechanism of HBV reverse 
transcriptases (RT). It was shown that pyrophosphate (PPi)- 
dependent RT activities were able to efficiently remove 
newly incorporated nucleotides and certain antiviral drugs 
even under low, cytoplasmic concentrations of PPi. These 
activities operating during viral replication could potentially 
undermine the efficacy of some drugs. Analysis of chain- 
terminated DNA revealed that the potent anti-HBV drug 
lamivudine (3TC) was difficult to remove by 
pyrophosphorolysis, in contrast to ineffective chain 
terminators such as ddC. Therefore, it was suggested that 
HBV-RT pyrophosphorolysis activity may be a novel 
determinant of antiviral drug efficacy, and could serve as a 
target for future antiviral drug therapy [Urban et al, 2001]. 

Nucleoside analog drugs suppress the replication but do 
not eradicate the HBV. As a result, stopping the medication 
may lead to a relapse of HBV. Lamivudine therapy induces 
improvements in chronic hepatitis B in a high proportion of 
patients, but prolonged therapy is limited by the development 
of viral resistance [Zoulim and Trepo, 1998]. Clinical data 
showed that long-term therapy with lamivudine resulted in 
sustained improvements in virologic, biochemical, and 
histologic features of disease in most patients with HBeAg- 
negative chronic hepatitis B and in the subgroup of HBeAg- 
positive patients with high serum transaminase levels. A high 
rate of resistance limited efficacy, particularly in patients 
who remained HBcAg positive on therapy [Lau et al, 2000]. 
The HBV-specific CTL response before and during 
lamivudine therapy was studied longitudinally in 6 HLA-A2- 
positive patients with HBeAg+ chronic hepatitis B. This 
study shows that lamivudine treatment can overcome 
cytotoxic T-cell hyporesponsiveness in chronic hepatitis B 
[Boni et al, 2001*]. With the use of lamivudine, induced 
antiviral immune responses and consequent viral elimination 
have been observed in chronic hepatitis B patients who 
received six monthly intradermal vaccinations with HBsAg 
or together with daily Interleukin-2 (1L-2) s.c. [Dahmen et 
al, 2002]. These data demonstrate that a cure for chronic 
HBV infection may be achieved by treatment with 
lamivudine in combination with immune therapies. 

The FDA approved Lamivudine, a nucleoside analog, in 
1998 for the treatment of chronic HBV infection. Nucleoside 



344 C urrent (it>m> Therapy. 2003. Vol. .1 ;V». 4 

analoes of this tvpc directly block liBV pol> merase-reverse 
transcriptase and inhibit viral replication. Treatment with 
lamivudine at a dose of 100 nig given orally once daily 
results in a rapid decrease in the HBV ON A level and 
marked improvement in measures of liver injury [Mailliard 
and Gollan, 2003]. The major problem with lamivudine 
monotherapy has been the emergence of drug-resistant HBV 
polymerase'(YMDD) mutants. As a result, long-term use of 
lamivudine in other settings remains controversial [Pemllo, 
2002]. Newer nucleoside analogs are being extensively 
investigated bv studies in vivo and in vitro. According to in 
vitro studies' the resistance of HBV DN A polymerase 
mutants M5521. M552V to lamivudine triphosphate with 
inhibition constants (Ki) increased compared with that of 
wild-type HBV DN A polymerase. Encouragingly, these 
mutants remained sensitive to adefovir diphosphate, with the 
inhibition constants increasing 1.3 times and 2.2 times 
[Xiong et ai, 1998]. In pre-clinical and phase 2 studies of 
patients with HbeAg-positive chronic hepatitis B, 48 weeks 
of 10 mg or 30 mg of adefovir dipivoxii per day resulted in 
histologic liver improvement, reduced serum HBV DNA and 
alanine aminotransferase levels, and increased rates ot 
HbeAg sero-convension. The 10 mg dose has a favorable 
risk-benefit profile for long-term treatment. No adefovir 
associated resistance mutations were identified in the HBV 
DNA polymerase gene [Marcellin et ai, 2003]. Perrillo et ai 
[2000] also demonstrated that adefovir dipivoxii was 
effective against lamivudine-resistant hepatitis B virus 
(HBV) Five patients with chronic HBV infection developed 
resistance to lamivudine after 9 to 19 months of treatment, 
and were then treated with adefovir dipivoxii in a dose of 5 
to 30 mg daily. Two to 4 log (10) reductions in HBV-DNA 
levels were observed in 4 cases, and the fifth patient 
becomes negative by quantitative polymerase chain reaction 
after retransplantation in conjunction with hepatitis B 
immunoglobulin (HBIg). Combination therapy with two or 
three nucleotide analogs will become one of the main 
treatments of chronic hepatitic B in future. 

2 A. 6 Peptide 

Peptide may be used as a therapeutic antigen by 
interfering with the interaction between HBV particles and 
the cell surface or the viral replication and maturation. The 
studies on components associated with the internalization of 
HBV particles may prove to be very useful to protect cells 
from infection, and consequently block viral replication. The 
existence of a fusoeenic sequence was predicted in the 
junction area of the PreS2- and S-domain of the hepatitis-B 
virus surface antigens. Evidence has been produced that the 
sequence 7-18 of the hepatitis B S domain [Berting et ai, 
2000], and motif amino acids 41 and 52 of PreS2 [Oess and 
Hildt. 2000] mediated cell-permeability. They may initiate 
the first step of viral entry. Correspondingly, the domain of 
the cellular reporter, carboxypeptidase D [Tong 1999], was 
identified, which may play a role in the binding and 
presentation of proteins or peptide substrates [Aloy et ai, 
2001]. These efforts have increased the chances for the 
design of a peptide to block viral infectivity. Recently, a 
myristoyiated Pre-S peptide was used in DHBV model 
Though lacking in the essential part of the carboxypeptidase 
D receptor binding site, the peptide binds hepatocytes and 
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subsequently blocks DHBV infection [Urban and Gripon, 

2002 1 . 

Peptide ligands that bind to the core antigen of hepatitis 
B virus (HBcAg) were selected from a random hexapeptide 
library d.splaved on filamentous phage. In vitro, one of them 
inhibited the interaction between HBcAg and the pre-S 
region of the L polvpept.de, which is critical for virus 
morphogenesis. The result suggested that this peptide and the 
related small molecules might inhibit viral assembly [Dyson 
and Murray 1995]. Further study confirmed that the 
interaction of L-HBsAg with core particles was critical for 
HBV assembly, and demonstrated in principle its disruption 
in vivo by small molecules [Bottcher et aL 1998]. It was 
shown that two distinct segments of the hepatitis B virus 
surface antigen contribute synergistically to its association 
with the viral core particles [Tan et ai, 1999]. In binding 
assays in vitro, it was found that empty HBV core particles 
bound synthetic peptides corresponding to HBV envelope 
protein domains with the same affinity as did HBV DNA- 
containins core particles [Hourioux et aL 2000]. Watts et at. 
studied the morphogenic properties of the peptide 
STLPETTVV which could influence the HBV capsid 
protein assembly. It was suggested that linker peptides were 
attached to the capsid inner surface as hinged struts, forming 
a mobile array, an arrangement with implications for 
morphogenesis and the management of encaps.dated nucleic 
acid [Watts et aL, 2002]. A suitable vector for the delivery of 
these peptides deserves to be found, and their antiviral 
efficacy should be evaluated in vivo. 
2. /. 7 Chimeric Core Protein 

The restriction of HBV genome replication to the 
nucleocapsid makes this nucleoprotein particle an attractive 
target for intervention. Dominant negative (DN) core protein 
variants have been shown to interfere with nucleocapsid 
assembly. In animal model systems, transient expression of 
the DHBV molecular equivalent of the WHV and HBV DN 
constructs inhibited wild-type (WT) DHBV replication by 
95% [Scaglioni et ai, 1996]. Von et ai [von et ai, 1996; 
1999] fused DHBV Pol, DHBV S, lacZ and GFP, 
respectively, to the carboxyt terminus of the DHBV core 
protein to yield DN mutants that inhibit viral replication in 
the avian hepatoma cell line LMH. Core-Pol and core-S but 
not core-lacZ or core-GFP, markedly interfered with RNA 
presenome packing, while the DN core-GFP fusion protein 
formed mixed particles with WT core protein and interfered 
with reverse transcription of the viral pregenome. The result 
suggested that DN DHBV core proteins could target at least 
2 steps within the viral life cycle, packaging of the viral 
pregenome and reverse transcription within mixed particles 
[von et al 1999]. More recent report showed that 
recruitment of core protein to the DHBV preassembly 
complex occurs in a cis-preferential manner. This 
mechanism may account for the leak of DN DHBV core 
protein mutants targeting reverse transcription [Von et ai, 
2002]. 

A conceptually more powerful approach is capsid- 
targcted viral inactivation, which exploits a viral capsid 
protein or other virion-associated protein as a carrier to bring 
a degradative enzvme specifically into virus particles 
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INatsoul.s and Boeke 1991], Betcrams and Nassal |2001| 
d .ha. C proximal fusion to the HBV caps.d pnHc.n o. 
| hc Ca ! '-dc P cndcnt nuclease (SN) yields a chimeric prolan 
In HBV co-transfected human hepatoma cell, less than 
oreSN protein per .0 WT capsid protein subumts red ed 
.iters of enveloped DNA containing virions b more Mhan 
os% Furthermore, no evidence was found that LortSN is 
cytotoxic. The calcium signaling, involved in stimulation of 
inscription and viral DNA replication [Bouchard et a 
' ooi], initiates the antiviral action of the coreSN ,n the 
mfccted liver cell [Beterams and Nassal, 2001 ]. 

As intracellular immunogens, chimeric core proteins may 
,nduce cytotoxic T cells. It should be clarified whether the.r 
Con' would soon abolish their antiviral eH.cacy or. by 
contrast, would further contribute to v.rus ^l.m, at - by 
concomitantly inducing a response against WT core protein 
in the infected cells. 
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vm; iind had anti-viral effects (Block et al . 1998]. Further 
studies showed that NN-DNJ retained ant.v.ral activity at 
concentrations thai had no significant impact on ER 
■ Ucosidase function. In addition. N-nonyl-deoxy- 
g ac to ,r,mycin (N-nonyl-DGJ). an a.kyl derivative , of 
Galactose wilh no impact on glycoprocessmg re tamed ant, 
HBV activity These results suggested that NN-DNJ 

olesJes an antiviral activity attributable to a function , other 
Ln an impact on glycoprocessing [Merita et al. W>1 
Therefore the mechanism of the alpha-glucos.dase nhib tor 
c, on should be fur.her elucidated to facilitate the 
pUca.ion of these antiviral agents. They have already been 

demonstrated to have an antiviral efficacy W^™«f 

viruses [van et al, 1996; Zitzmann el al, 1999. Wu et at., 

20021. 



2. 1.8 Single Chain Antibody 

Several published reports have demonstrated that 
antibody genes can be expressed inside cells where the 
corresponding antibody fragments bind to the.r targets with 
hS affinity and thus efficiently interfered with the function 
of cellar targets [Marasco et al, 1993; Mhash.lkar et at 
,99? 1997; Cattaneo et al, 1999]. A study using a cloned 
s.ngle chain Fv (sFv) fragment directed against HBsAg 
showed that this antibody fragment co«ld reduce 
extracellular HBsAg levels by a mean of 85/o. Contocai 
mc o stud,e S 8 conf.rmed the intracellular expression 
and ^localization of the sFv and HBsAg [zu et a/1999]. A 
man-made antibody anti-HBc sFv could also inhibit v.ral 
P ication .ntracellularly by forming sFv-HBc complex and 
interfering with the function of HBc [Yamamoto et al 
999 1 Using the purified Pol protein to raise monoclonal 
tibodies Mabs) P Put.it Z et al. generated six Mabs d.rec ly 
Lainst HBV Pol protein, of which a Mab specific for the Pol 
KnXrotein -gion appeared to inhibit Pol funct.or , in 
the in Jo priming assay. This represents an .mporta f> £ 
steo towards the further exploration of the intracellular 
ant*5y "ra egy asainst HBV [zu et a!., 1999]. It remains to 
derS^thSr capacity for inhibiting viral replication ,„ 
vitro and to find convenient ways for gene delivery m v/vo. 
2. /. 9 Alpha-Glucosidase Inhibitors 

One function of N-linked glycans is to assist in the 
fnldin* of glycoproteins by mediating interactions ol he 
lectin^like chaperone proteins calnexin and ca.rel.u...,. «■». 
na en. glycoproteins. These interactions can be prevented 
X,nhtbUors of the alpha-glucosidascs such as N-but - 
deoxynoiirimycin (NB-DNJ) and N-nonyl-DNJ ^ ~ 
,n2 caused some proteins to misfold and reta.n within the 
dopla smic reticulum (ER). Evidence was given that M 
nroYeii of HBV folded via a calnexin-dependant pathway 
W r and Prange, .998]. The presence of NB-DN virions 
and the M protein were retained surprisingly [Mehta etal, 
W7* and proper intracellular routing of HBV glycoproteins 
las disrupted^ cells where ER glucosi ase was mh.b ted 
[Lu et al, 1997]. In a woodchuck mode of chronic HBV 
nfection the NN-DNJ-induced m.sfolding of 
nvetped glycoproteins prevented the formation and 
ecSn of infecfious enveloped virus. This providec , e 
first evidence that glucosidase inhibitors could be used m 



2.2 Immune Modulatory Strategics 

2.2.1 Cytokines 

Since systemic application of cytokines is associated 1 with 
severe side effects, researches on targeted delivery or 
endogenic expression through a gene therapy approach 
have been prompted. Eto and Takahash. prepared an 
as.a oncoprotein (ASGP) receptor-directed interferon and 
ompared its antiviral effects with that of conventional 
3 human IFNs. Their study demonstrated that , re c ,n 
IFN to ASGP receptor facilitated its signaling in the liver 
nd augmented its antiviral effect [Eto et al., 1999]. Man- 
made A^i-HBsAg interferon fusion proteins displaying both 
7f? 1 activity and HBsAg have prompted an alternative : way 
of making a targeting drug for hepatitis B [Tong ef al 200 
Xia et al, 2002], Local products should P™^™^ 
efficient and better tolerant [Aur.sicchio el al, 2000]. Pro zer 
Tal constructed a recombinant DHBV carrying |rt« .duck 
homolog of IFN-a, and supennfected DHBV-pos. trve 
pa^oc tes with rDHBV-lFN /« vrvo. DHBV- P rodu c ,o 
decreased relatively to untreated controls, in a dose- 
dependent fashion comparable to the maximal effect 
observed in the treatment with the IFN protein. No change in 
DHBV progeny production was seen on »u^mfect»n with 
rDHBV-GFP, indicating that the transduced IFN gene 
caused inhibition [Protzer et al, 1999], In an acute ^hepat.t, 
model, the hepatic damage by mouse coronav.nJs MHV-3 
infection was reduced by help-dependent adenovirus HD- 
1FN vector expressing mlFN-a2. Challenged w.t . ConA. 
the HD-IFN injected mice were protected, as HU-lrlN 
..vhihited a protective effect against liver injury even at doses 
mat do not yield circulating ml. N-a 2 level [Aunsicch, , e 
al, 2000]. Recently, evidence has been produced I tha 
enhanced interferon-stimulated gene factor-3a (p4« 
expression increases IFN-omduced oppression of HBV 
RNA significantly, in an experiment based on human 
Lpatom cells [Rang and Will, 200.]. ™s indicatesthat in 
order to optimize the IFN-a effect, interferon-stimulated 
e p n e like element (ISRE) and the interfero^|mul-J 
gene factor (ISGF) may be taken into account. ™hemor£ 
fsGF was found to bind to ISRE-like sequence identified in 
he linker regions located between the heptamer.c te 
operalf sequence, resulting in 

stimulation activity. The data i ,mpl) ; that he U * promo er 
based expression system can be ^^^^^ 

IFN-a by mutagenesis of the ISKts, ana i 
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essential when considering L'cnc therein /// ww; |Rang and 
Will. 20001. 

Other immunomodulatory cytokines, such as II.- 1 2, I1N- 
(/. or tumor necrosis lactor-a, have potently suppressed 
HBV replication in an 1IBV transgenic mouse model 
[Guidotti et aL l c )%; Cavanaugh et ai, 1997], whereas IL- 
12 and the Th t cytokines II ; N-a and IL-2 seem to piny an 
important role for viral clearance in chronically infected 
patients [Rossol et ai '., 1997. Guidotti et ai, 1999|. To apply 
II..- 12 genes in gene therapy, a p!L-12 vector was 
constructed that contained two cytomegalovirus (CMV) 
promoters to drive the expression of p35 and p40 subunits. 
respectively. In addition, a psclL-12 vector was designed 
with a linker to fuse p35 cONA with p40 cDNA to producing 
a single-chain IL-12 protein. The data suggested that the 
vectors could produce bioactive heterodimeric and single- 
chain murine IL-12. Furthermore, in vivo functional studies 
also demonstrated that mice co-immunized with a pS vector 
expressing the major envelope protein of HBV and pIL-12 or 
pscIL-12 elicited higher levels of lgG2a anti-HBs antibody 
and of Thl -related cytokine. The success in using a single 
promoter to express single-chain IL-12 indicated that pscIL- 
12 should be useful in future applications for gene therapy 
[Lee etai, 1998]. 

2.3 HBV Antigen 

DNA-mediated immunization has been shown to be an 
effective way to induce both homoral and cell-mediated 
immune responses against many different HBV antigens. 
First, the envelope protein of HBV, i.e. HBsAg, was chosen 
as a model for DNA vaccination, as it carried the major 
antigenic determinant of the virus [Mancini el ai, 1996; 
Michel et ai, 1995, 2001; Geissler et al. t 1998; Davis et ai, 
1996], Using the HBsAg transgenic mouse as a model, 
Mancini et ai studied immunization mediated by the S and 
pre-S2 domains of the gene encoding the HBV envelope 
protein, and found that the induced immune response 
resulted in the complete clearance of circulating HBsAg and 
in the long-term control of transgene expression in 
hepatocytes. The study showed that T cells were responsible 
for the down-regulation of HBV mRNA in the liver. This 
was the first demonstration of potential immunotherapeutic 
application of DNA-mediated immunization against an 
infectious disease that raises the possibility of designing 
more effective ways of treating HBV chronic carriers 
[Mancini et ai, 1996], Recently, they explored the ability of 
CpG-containing oligodeoxy nucleotides combined with 
recombinant HBsAg to induce Thl responses in the same 
model, and suggested that DNA motifs containing 
unmethylated CpG dinucieotides within the context of 
certain flanking sequences enhanced both innate and antigen- 
specific immune responses, due in part to the enhanced 
production of Thl -type cytokines [Malanchere-Bres et ai, 
2001]. In addition, with HBV-transgenic mice, it was 
demonstrated that the activation of dendritic cells following 
injection with vaccine containing HBsAg is the vital iactor 
underlying the therapeutic potentiality of vaccine therapy in 
HBV earner [Akbar et ai, 1999]. As the HBV core antigen 
(HBcAg) and e antigen (eAgl are highly conserved between 
HBV subtypes, they are attractive targets for an immune- 
based therapeutic treatment [Sailberg et a! , 1997,1998; 



lownsend et ai. 1997]. Townsend el ai showed that 
intramuscular injections of a novel recombinant retroviral 
\ector expressing an I IBcAg-neonn cin phosphotransferase 
II (HBc-NLO) fusion protein induced H Bc/cAg-specific 
antibodies and CD-I + and CDS* T cell responses m mice and 
rhesus monkeys [Townsend ct ai, 1997]. When three 
chronically infected chimpanzees were immunized with 
nonreplicatmg retroviral vector particles expressing the HBc- 
NLO fusion protein, one exhibited a traditional 
seroconversion, while the other two showed transient ALT 
tlares and a significant decrease in the serum HBV DNA 
levels [Sailberg eta/.. 1998]. Recently, CTL responses 
aeainst HBV polymerase were assayed. Immunized mice 
exhibited substantial polymerase-specific CTL responses. 
This is the first study to demonstrate the generation of a CTL 
response to HBV pol by immunization. The next task is to 
investigate the response cither in infection models or in 
transgenic mice that fully replicate HBV. In addition, the 
validation of HBV polymerase as a target for DNA-based 
immunization requires further investigation of its potential 
toxic effects when expressed at high levels in cells [zu et ai, 
2000]. 

The expression of cytokine or a costimulatory protein 
and HBV antigen in the same cells in vivo induces stronger 
cellular and humoral immune response than expression of 
the antisen alone as demonstrated by several studies of IL-2 
[Geissler ct ai, 1998; Chow et ai, 1997], GM-CSF [Geissler 
etai, 1998], IL-12 [Lee et ai, 1998], B7-1 [He et ai, 1996], 
and B7-2 [Zhou et ai, 2001]. This could be a novel strategy 
for the development of therapeutic vaccines against 
infectious agents. Conventional vaccine combined with CpG 
oligodeoxynucleotides motifs [Malanchere-Bres et ai, 
2001]. or vaccine with new peptide, which can elicit priming 
of antigen-specific cytotoxic T lymphocytes [Meng et ai, 
2001], may also be promising therapeutic approaches and 
deserve confirmation in further studies. Furthermore, these 
immunomodulatory agents should be more useful when 
combined with drugs that are capable of blocking viral 
replication. 

3. DELIVERY METHODS 

3.1 Viral Vectors 

Delivery of genes for stable gene expression requires the 
use of an efficient gene delivery system, such as replication 
defective viral vectors. Currently, mouse retroviral vectors 
have widely been used in gene therapy, as they provide 
efficient transduction of a wide range of cell types and the 
genes are stably integrated and expressed in the host cell. To 
achieve high transgenic expression in the liver, various 
murine rctoviral long terminal repeats (LTRs) or leader 
sequences were compared, and higher gene expression was 
observed by the FMLV-type vector, which contained the 
spleen focus-forming virus (SFFVp) LTR and the mouse 
embryonic stem cell virus (MESV) leader, than by the 
Moloney murine leukemia virus (MoMLV)-based vector 
[Ohnishi et ai, 2002]. To expedite analysis in anti-HBV 
gene therapy, retroviral vector was used to transfer antisense 
[Tung and Bowen 1998; Ji et ai, 1997]. It is safe to utilize 
retroviral vector encoding HBcAg to immunize chimpanzees 
and stimulate immune responses in HBV chronic carrier 
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.l„„pan-, demonstrating retroviral ^^^Z 
mav be beneficial in the immuno-gene , he ap> I o eh r 
IIHV infection (Sallbcrg oL l«> >»l- . owt 

majority of hver tells are ^ ^ 

retrovira vectors can be gcncraieu . i 
md have a broad host-range that does not conduce to the 
and nave a oroau ^ theranv This problem 

dividing and nondividing cells. The lentiv.ral v « 
d rived from human immunodeficiency virus type 1 HIV-l ) 
IVhldini cl al 1^6]. More recently Sung cl al. have 
^o ed'a^stem fir producing murine l.u en^virus 
(MLV ) pscudotyped with large (L) and small ( » IIBsAg ^ 
arreting primary human hepatocytes. I he MLV (HBV) 

ess v£ ;^ c lx- 

TpecTnc targeting system for gene therapy [Sung and La,, 
20021. 

Gene therapv is not a low risk/benefit approach. Safety is 
alwavs o p amount importance for clinical gene therapy 

confronted by these host responses [Xu el 
issues and assavs needed to ensure patien -safety with tn s 
new vector system are still being defined [Podsakoff, 2001] 

-a~ 

level is problematic because it might lead to unwan ed 

c mbination events, which could adversely a fe a 
Mibiect More thorough characterization of potential 
ou? omes Vs necessary before it can be applied ,n the clinic 
??odsTkoff 2001]. The clinical trial of gene therapy for X- 
mked severe ombined immune deficiency (SCID) 
nerformed bv the French investigators still has been seven of 
0 Xcts in aood health with their immune systems 
est 3 5 the ,ene treatment. These findings highlight the 
poSal of gene therapy to correct this ot erwise f a 
immune disorder without complications, such as gra 
"^.11 mav be seen when hematopoietic stem eel 

■~J ' . " . .^ 4 n, "ctqnHarfl none lliunu" 

onlv been seen so far in this study of infants treated for 
XSCID bu, not in any of the other clinical trial using 
vector, targeted to hemopoietic .tern , ce s or any 
nther trial of eene therapy Geiger, 20031. I he extensive 
;,ud e n mal models of cancer revealed that gcnumc-w.de 
rov ralinsertional tagging of genes involved m cancer m 
Cd3a-deficient mice [Lund el al.. 2002] and the new genes 
tvolvld in ncer were also identified by retroviral tagging 
SuZ uki e al, 2002]. Therefore, further assessment of the 
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nsk to patients must be completed prior to initiation of any 

new clinical trial 
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otter the prospects of de crea ed ^ ^ 

DMA regions [Schiedner e la I 1998] A s.n 
occurs when using " 0 f the 

STSS rSTd.^&»«n. .998]. Use of a 
live -f P e fie promoter also can reduce immune response to 
he transuene in adenoviral vectors [Pastore el at., 1999J. 
The combination of a helper-dependent adenovirus vector 
nd liver-specific promoter resulted in intrahepatic IFN-a 
expr s on which protected the liver in acute hepatttis mode 
tAnris cchio el al 2000]. It was reported that ep.somal 
1 a .ion of the adenovirus enhancer sequence by 

St Ad vector could medt.te pred,c,a»le genome 
Xngements. resulting - 8« <k ™' d ° f "" 

viral genes [Steinwaerder clai. \V)>\. 

Adeno-associated virus (AAV), a nonpathogenic single- 
strand S ON A virus, can transduce both d.v.d.ng and 
stranded ui „,. h , PV( , innc-term expression of 
nondividing ecus, cm - - - ; ff . Mos{ 

™ v "Sained liver-.aT s o.ed transgene egression J » 

saws*-, -rt r**?^ 

vector ,o date. Additionally, a gene >ll an A« «c'», 
administrated peroral!,, assoc. led 

...hi. . c „e expression, should render AAV vectors . 
Recently, research has been conducted to reveal 
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chromosomal effects of AAV vector integration. It was 
reported that integrated vector provinces are associated with 
chromosomal deletions and other rearrangements | Miller ct 
ul '., 2002]. 

Hepatitis B virus with the distinct liver-targeted features 
is an attractive candidate as a vector for gene therapy of 
acquired liver diseases. Construction of a vector from IIBV 
ON A has been attempted [Chaisomchit et ai, 1997], 
llanafusa et ai showed that IIBV could carry 63 bp of extra 
ON A [llanafusa ct ai, 1990]. Four novel cir-acting elements 
were reported to be essential for the viral genome synthesis. 
According to this result, a recombinant HBV-GFP vector 
was generated, which can replicate as efficiently as that of 
the wildtype [Ryu and Lee 2001]. As a first step toward 
therapeutically useful hepadnavirus vectors, Protzer et ai 
constructed a recombinant DHBV carrying the duck 
homolog of IFN-a, which efficiently suppressed wild-type 
virus replication [Protzer et ai, 1999]. However, its potential 
use as a uene transfer system may be limited by its small 
capacity, due to the small size of the HBV genome. 

3.2 Nonviral Vectors 

Naked DNA acts as a simple, safe and viable alternative 
for gene therapy. The use of plasmid vectors expressing the 
HBV antigens alone, or coexpressing with cytokine, for 
transfection of muscle fibers has been demonstrated to be a 
potential immunotherapeutic application against HBV 
infection [Mancim et ai, 1996; Geissler et ai, 1998; Chow 
et ai, 1997]. HBsAg-specific humoral or cell-mediated 
responses are not induced in mice when the muscle-specific 
human muscle creatine kinase promoter is used in plasmid 
DNA vaccine. This result suggested use of a tissue-specific 
promoter that does not drive expression in antigen-presenting 
cells [Weeratna et ai, 2001]. Several approaches aiming at 
enhancing nonviral transgene delivery have been 
investigated. One approach is to pulse electrical fields 
(elcctroporation or EP) after naked gene injection 
[Glasspool-Malone et ai, 2000]. These advances create new 
opportunities for nucleic acid vaccine development. 
Evidence showed that electroporation enhanced that the 
delivery of plasmid DNA encoding IL-12 to skin [Heller et 
ai, 2001] or to skeletal [Lucas and Heller 2001] muscle. The 
molecule was efficiently delivered, and one of the molecules 
that induced (IFN-gamma) was also measured systemically 
in this successful delivery to skeletal muscle [Lucas et ai, 
20(H). The use of//; viva electroporation in immunotherapy 
protocols deserves further examination. Another approach is 
to combine plasmid DNA to other compounds. Poloxamers 
[Lemieux et ai, 2000], aurintricarboxylic acid [Glasspool- 
Malone et ai, 2000], nuclear localization signal (NLS) 
peptides [Scfnrmbeck et ai, 2001] and some other polymers 
[Prokop et ai, 2002] have been demonstrated to be good 
candidates for enhancing the efficiency of gene transfer. 

When liposome, one of the most popular gene transfer 
svstems in vitro in the laboratory [Feigner and Ringold, 
1989], was used in vivo as liver-directed gene transfer, it was 
observed that its transfection efficiency depended on its 
route of administration [Otsuka et ai, 2000; Hirano et ai, 
1998; Mohr et ai., 2001], and the efficiency can be increased 
by liver resection, ischemia or transplantation performed 



before DNA injection [Otsuka ct ai, 2000]. Liposome can 
deliver not only the genes, but also the drugs, to the liver. To 
prevent degradation of antisense molecules in vivo, Soni et 
ai [Soni ct ai, 1998] showed that liposomes could increase 
the hepatic delivery and antiviral efficacy of 
phosphorothioatc antisense ol igodeoxynucleotides (PS- 
ODN). 

Many attempts for receptor-mediated liver-targeted 
delivery have been performed successfully. Since 
asyaloglicoprotein receptor is specific for hepatocytes, DNA- 
protein complexes using asyaloglicoproteins [Nakazono et 
ai., 1996; Wu and Wu 1992] or protein conjugates, 
consisting of N-acetyl-glucosaminc-modified bovine serum 
albumin, streptavidin and Poly-L-iysine [Madon and Blum 
1996], have been shown to be effective at delivering 
antisense DNA to suppress HBV gene expression in vitro, 
and this receptor-mediated endocytosis showed no host 
toxicity [Wu et ai, 2001]. An N-giycosylated human IFN- 
C( was generated, which exhibited a significantly higher 
antiviral effect than conventional IFN-a in vivo [Boni et ai, 
2001]. Compiexed with N-acetyiglucosamine, a recombinant 
human adenovirus, which does not naturally infect avian 
cells, it allowed highly efficient and specific gene transfer 
into the liver of ducks in vivo This result represents a novel 
approach to gene therapy for inherited and acquired liver 
diseases [Thoma et ai, 2000]. The functional ability of 
synthetic galactose polymer ligand was evaluated and poly- 
(N-p-vinylbenzyl-O-beta- D-galactopyranosyl- [l-4]-D- 
gluconamide) (PVLA) was found to exhibit higher affinity 
with hepatocytes than natural ligands [Watanabe et ai, 
2000]. Oral administration of cholesterol-modified 
phosphorothioate antisense oligonucleotides (Chol-S-ODNs) 
has also been shown to target the liver, and has been 
suggested as a practical method for the long-term treatment 
of^chronic diseases [Okamoto et ai, 1999]. In addition, in 
vivo gene delivery to the liver may achieve success by some 
other nonviral vectors, such as reconstituted remnants of 
chylomicron, the first nonviral vector to resemble a natural 
lipoprotein carrier [Hara et ai, 1997], Linear 
polyethylenmine (IPEI)-mediated transfer was also shown to 
be a good delivery method in the duck model [Robaczewska 
et ai, 2001]. 

3.3 Liver Transplantation with Combination Therapy 

More recently, a combination of hepatitis R immune 
globulin (HBIG) and lamivudine has been shown to prevent 
IIBV recurrence effectively in patient post-orthotopic liver 
transplantation for hepatits B virus infection, Recent studies 
have revealed that in the combination therapy group no 
patient redeveloped serum HBsAg or HBV DNA during 
mean follow-up of 459 and 416 days, respectively. In the 
monotherapy group, there was a reappearance of HBaAg in 
the serum of 3 patients (25%) during a mean follow-up of 
663 days [Han et ai, 2000]. Combination prophylaxis with 
HBIG and lamivudine is highly effective in preventing 
recurrent HBV, may protect against the emergence of 
resistant mutants, and is significantly more cost-effective 
than HBIG monotherapy with its associated rate of recurrent 
HBV. Famciclovir and lamivudine also reduced viral 
replication in patients with recurrent hepatitis B virus 
infection after orthotopic liver transplantation [Tillmann et 
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1 999]. Since the treatment break through is frequent for 
this specific group of patients, and there are no significant 
adverse side effects, the use of liver transplantation with 
combination therapy should be explored. 

4. ANIMAL MODELS 

The infection of ducks [Mason et a! ' , 1980|, woodchucks 
(Summers et al, 1978], and squirrels [Marion et al., 1980] 
with their respective animal hepatitis viruses has been an 
important step in gaining much of our knowledge of HBV 
infection. The similarity between HBV and the closely 
related DHBV makes the latter a convenient model for the 
study of molecular mechanisms of HBV replication and 
neutralization and for the screening of antiviral agents 
[Chassot et al., 1993; Mi et al, 1995]. However, DHBV is 
not typically associated with liver disease. Woodchucks 
chronically infected with WHV develop progressively severe 
hepatitis and hepatocellular carcinoma similar to those 
associated with HBV infection in humans. Chronic WHV 
carrier woodchucks have become a valuable animal model 
for preclinical evaluation of anti viral therapy for HBV 
infection, providing useful pharmacokinetic and 
pharmacodynamic result in a relevant animal disease model. 
This model also has significant potential for the preclinical 
assessment of antiviral drug toxicity [Tennant and Germ 
2001]. However, due to the high level of divergence between 
HBV and these viruses and the considerable metabolic 
differences between their hosts and humans, the utility of 
these models is often limited. 

The best animal model to date for infections with human 
HBV is the chimpanzee. However, because chimpanzees are 
large-sized and highly intelligent animals, and also an 
endangered species, their use is reserved for essential 
experiments. 

Mice are not susceptible to HBV infection, but a number 
of lineages of mice have so far been developed to carry one 
or more HBV transgenes. Guidotti et al. successfully 
generated transgenic mice that replicated high levels of 
human hepatitis B virus in clinically important target organs 
of the liver and kidney. Sera from these mice contain a high 
titer of viral DNA approaching to that found in the natural 
chronic human infection [Guidotti et al, 1995]. This model 
has been demonstrated to be a valuable therapeutic model for 
HBV [Morrey et al, 1999; Morrey et al, 1999]. However, 
since the transgenic mouse are tolerant of HBV antigens, 
there are limitations to the use of transgenic mouse models in 
the study of the mechanisms by which the anti-HBV cellular 
immune response leads to liver disease. Recently, an HBV 
transuenic severe combined immunodeficiency (SCID) 
mouse was created. These mice consistently supported HBV 
gene expression and replication. After adoptive transfer of 
syngeneic, unprimed splenocytes, these mice reproducibly 
cleared virus markers from the liver and serum, and 
developed chronic hepatitis. This unique model provided an 

# - fi i.. .i M -;j^ t p Moth^pen^^'^ nf chronic liver 
opportunity iu ciuciuaie <.uv ^uinvfcc.i*.-.- ~. 

disease and to evaluate new approaches aimed at both the 

virus and the disease [Larkin et al., 1999]. A recent study has 

provided the first evidence that adenovirus-mediated genome 

transfer initiated efficient hepatitis B virus replication in 

cultured liver cells and in the experimental animals from an 



Current Can- Therapy, 2003, Vol. .1 V«. •* 349 

extrachromosomal template. Allowing the development of 
small-animal systems of hepatitis B virus infection, and 
facilitating the study of the pathogenicity of wild type and 
mutant viruses, virus-host interaction, and new therapeutic 
approaches [Sprinzl et al, 200 i ]. 

An alternative way of developing an HBV-carrying 
mouse model can be' achieved by transplanting human 
hepatocytes. The hepatitis B virus-trimera mouse was 
created bv the implantation of ex vivo HBV-infected liver 
frauments into lethally irradiated mice, radioprotected with 
SCID mouse bone marrow cells. Viremia attained a peak 
between davs 18 and 25, white HBV infection is observed tn 
85% of the transplanted animals 1 month post-implantation 
[Ilan et al., 1999], Compared with the trimera model, a 
newly reported xenotransplant model exhibited some 
advantages. These mice were susceptible to HBV infection 
and completion of the viral life cycle. Furthermore, they can 
be super-infected with HDV. This study demonstrates that 
human hepatocytes can be engrafted on a long-term basis in 
mice, and serve as a model for human diseases such as HBV 
and HDV infection. This modei therefore offers an important 
opportunity of studying multiple aspects of human hepatitis 
viral infection, and may enhance studies of human liver 
diseases [Ohashi et al, 2000]. Transplanting human 
hepatocytes and inoculating HBV generated a model of 
human hepatitis B infection (HBV) in immunocompetent rats 
after birth. [Wu et al., 2001]. Other researches have proved 
that normal human hepatocytes can integrate into the mouse 
hepatic parenchyma, undergo multiple cell divisions, and 
remain permissive for a human hepatotropic virus in a 
xenogenic liver [Dandri et al., 2001]. 

In addition, the attempts to develop small primate models 
with hepadnaviruses closely related to HBV have provided a 
potential animal model for HBV research, e.g., the woolly 
monkey (Lagothrix lagotncha), from which a hepadnavirus 
(WMHBV) has been isolated [Lanford et al., 1998] and is 
under investigation [Kock et al., 2001]. The molecular 
biology of WMHBV should be fully understood before the 
WMHBV/woolly monkey model system is applied in anti- 
HBV research. 

Better animal models of HBV infections are still 
extremely needed to test antiviral strategies for eliminating 
chronic liver disease. It was reported that natural human 
HBV could enter Wistar rat liver cells through intravenous 
injection efficiently, and express for a long period [Wang et 
f,/., 1996]. This implies the possibility of a rat model infected 
with HBV. 

CONCLUSION 

Simultaneously with the increase in our knowledge of 
HBV molecular biology, especially of the replication 
mechanisms, a number of virus-specific proteins and 
nucleotide analogs, such as adfovir, or processes, have also 
been identified as targets for transgene intervention. Only 
some of these have been addressed here. Clinical trials 
indicate that different types of combined therapy may have 
to be tailor-made for chronic HBV infection. More targets 
identified, more alternatives there are. Studies in gene 
therapy for other viruses, e.g. HIV, have been very helpful 
into anti-HBV research. The effectiveness of combination 
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genetic therap> has been reported in inhibiting HiV-1 
jstrayer et ai, 2002; Fis/iewicz et ai , 20001. But there are 
limited delivery systems lor synchronous expression ol 
multigenes. Development and testing of combination anti- 
IIBV^ genetic therapies require both transgenes that 
effectively inhibit HBV individually or cooperatively, and a 
vector that delivers these transgenes at high efficiency. 
Keeping HBV out of the cells and depriving the viruses of 
infectious ability may be realized by the studies on the early 
events of the viral life cycle. Although cloning of the DHBV 
receptor may aid in the identification of the HBV human 
counterpart [Tong et ai, 1999], there are still many 
unanswered questions in cell culture system. No permanent 
cell lines are permissive to HBV infection, and primary 
human hepatocytes are not easily available for in vitro 
infection studies. More importantly, an animal model 
mimicking natural HBV infection is needed to understand 
the mechanisms behind the process from acute to chronic 
states and to optimize the protocols of immunotherapy 
and/or antiviral therapy. Nevertheless, molecular therapy 
approaches, because of the promise they show, look set to be 
increasingly applied in clinical treatment in next few years. 
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